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(54) Robotic system comprising a robot attached to a ceiling and including a plurality of arms

(57) A robotic system (1) includes a robot (10), mul-
tiple end effectors, and a controller (90). The robot (10)
is attached to a ceiling in a work space and includes mul-
tiple arms (11, 12). The multiple end effectors are remov-
ably attached to the multiple arms (11, 12), respectively.
The controller (90) causes the robot (10) to perform a

predetermined operation by replacing at least one end
effector attached to at least one of the multiple arms in
accordance with a type of a workpiece and causing the
multiple arms to which the end effectors are attached to
perform an operation in accordance with the type of the
workpiece in cooperation with each other.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The embodiments disclosed herein relate to a
robotic system.

2. Description of the Related Art

[0002] To date, a robotic system including a so-called
ceiling-hung robot, which is attached to the ceiling of a
work space, has been developed. The robotic system
causes the robot to perform a predetermined operation
(see, for example, Japanese Patent Application Publica-
tion No. 2012-125890). With the technology described in
Japanese Patent Application publication No.
2012-125890, the robot lifts a workpiece with an end ef-
fector (for example, a hand) attached to one arm and
moves the workpiece to a target position.
[0003] The operation performed by the robot in the ro-
botic system described in Japanese Unexamined Patent
Application Publication No. 2012-125890 is a simple op-
eration that can be completed with a single arm and thus
an end effector suitable for the operation is attached to
the arm. However, in the case, for example, where mul-
tiple types of operations are to be performed in accord-
ance with multiple types of workpieces, the above-de-
scribed robotic system may be incapable of performing
such operations.

SUMMARY OF THE INVENTION

[0004] An aspect of an embodiment is made in view of
the above-described circumstances. An object of the dis-
closure is to provide a robotic system that can cause a
robot to perform multiple types of operations in accord-
ance with multiple types of workpieces.
[0005] A robotic system according to an aspect of an
embodiment includes a robot, end effectors, and a con-
troller. The robot is attached to a ceiling in a work space
and includes multiple arms. The multiple end effectors
are removably attached to the multiple arms, respective-
ly. The controller replaces at least one end effector at-
tached to at least one of the multiple arms in accordance
with a type of a workpiece and causes the multiple arms
to which the end effectors are attached to perform an
operation in accordance with the type of the workpiece
in cooperation with each other so as to cause the robot
to perform a predetermined operation.
[0006] An aspect of the embodiments can provide a
robotic system that can cause a robot to perform multiple
types of operations in accordance with multiple types of
workpieces.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

Fig. 1 is a schematic perspective view of a robotic
system according to an embodiment.
Fig. 2 is a schematic side view of the robotic system
illustrated in Fig. 1.
Fig. 3 is a schematic front view of the robotic system
illustrated in Fig. 2.
Fig. 4 is a schematic cross sectional view of the ro-
botic system taken along the line IV-IV of Fig. 2.
Fig. 5 simply and schematically illustrates a config-
uration of a robot included in the robotic system il-
lustrated in Fig. 1.
Fig. 6 is a schematic perspective view of a print work-
bench illustrated in Fig. 1.
Fig. 7 is a schematic perspective view of the squee-
gee rack illustrated in Fig. 2 and other drawings.
Fig. 8 is a schematic cross sectional view of a con-
tainer illustrated in Fig. 1.
Fig. 9 is a schematic side view of a vacuum stand
illustrated in Fig. 4 and other drawings.
Fig. 10 is a schematic side view of a screen-printing-
plate gripping hand attached to a right arm.
Fig. 11 is a schematic left side view of the screen-
printing-plate gripping hand illustrated in Fig. 10.
Fig. 12 is a schematic side view of the screen-print-
ing-plate gripping hands in the state of gripping a
screen-printing plate.
Fig. 13 is a schematic side view of a container grip-
ping hands.
Fig. 14 is a schematic left side view of the container
gripping hand attached to the right arm illustrated in
Fig. 13.
Fig. 15 is a schematic bottom view of the container
gripping hand attached to the left arm illustrated in
Fig. 13.
Fig. 16 is a schematic side view of the container grip-
ping hands in the state of gripping a container while
the container is turned upside down.
Fig. 17 is a schematic side view of the container grip-
ping hand in the state of gripping a lid portion of the
container.
Fig. 18 is a schematic left side view of the container
gripping hand illustrated in Fig. 17.
Fig. 19 is a schematic side view of a squeegee grip-
ping hand.
Fig. 20 is a schematic left side view of the squeegee
gripping hand illustrated in Fig. 19.
Fig. 21 is a schematic left side view of the squeegee
gripping hand in the state of gripping a vacuum.
Fig. 22 is a schematic side view of a robot hand stand
illustrated in Fig. 1.
Fig. 23 is a schematic left side view of the robot hand
stand illustrated in Fig. 22.
Fig. 24 is a schematic side view of a dye-container
scale stand illustrated in Fig. 1.
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Fig. 25 is a flow chart illustrating a procedure of op-
erations performed by a robotic system according to
an embodiment.

DESCRIPTION OF THE EMBODIMENTS

[0008] Referring now to the attached drawings, em-
bodiments of a robotic system disclosed herein will be
described in detail below. The embodiments described
below do not limit the invention.
[0009] Fig. 1 is a schematic perspective view of a ro-
botic system according to an embodiment. Fig. 2 is a
schematic side view of the robotic system illustrated in
Fig. 1, Fig. 3 is a schematic front view of the robotic sys-
tem illustrated in Fig. 2, and Fig. 4 is a schematic cross
sectional view of the robotic system taken along the line
IV-IV of Fig. 2.
[0010] For ease of illustration, Figs. 1 to 4 illustrate a
three-dimensional orthogonal coordinate system includ-
ing a Z axis extending vertically in upward and downward
directions, taken as positive and negative directions, an
X axis extending in left and right directions of a robot,
which will be described below, and a Y axis extending in
front and rear directions of the robot. Such an orthogonal
coordinate system is also used in some of other drawings
for the following description.
[0011] As illustrated in Figs. 1 to 4, a robotic system 1
according to an embodiment includes a robot 10, a print
workbench 20, a screen set stand 30, a squeegee rack
40, dye-container stands 50, a vacuum stand 60 (illus-
trated only in Fig. 4), a robot hand stand 70, dye-container
scale stands 80, and a controller 90 (illustrated only in
Fig. 2).
[0012] The robotic system 1 performs predetermined
operations, such as a printing operation, using the robot
10. More specifically, in the robotic system 1, the robot
10 transports a screen-printing plate 2 placed on the
screen set stand 30 and places the screen-printing plate
2 on the print workbench 20. Then, the robot 10 transports
a container 3 containing a dye from the dye-container
stand 50 to a position above the screen-printing plate 2
and pours the dye over the screen-printing plate 2. The
robot 10 removes a surplus dye adhering to the container
3 by sucking the dye with a vacuum 5 held on the vacuum
stand 60 illustrated in Fig. 4 and returns the container 3
to the dye-container stand 50. Subsequently, the robot
10 performs a squeezing operation by picking up a
squeegee 4 from the squeegee rack 40 and sliding the
squeegee 4 over the screen-printing plate 2 so as to print
a design or a pattern on a subject (for example, cloth) 21
placed on the print workbench 20. The robot 10 then picks
up the vacuum 5 from the vacuum stand 60 and trans-
ports the vacuum 5 to a position above the screen-print-
ing plate 2 to remove a surplus dye remaining over the
screen-printing plate 2 by sucking the surplus dye with
the vacuum 5. Subsequently, the robot 10 returns the
screen-printing plate 2 placed on the print workbench 20
to the screen set stand 30.

[0013] As is clear from this description, the robotic sys-
tem 1 is a system for automating steps of the printing
operation including a pickup of the screen-printing plate
2, printing of the subject 21 using the screen-printing plate
2, and a return of the screen-printing plate 2 to an original
position.
[0014] In the above-described printing operation, the
robot 10 handles multiple types of workpieces, such as,
the screen-printing plate 2, a container 3, and a squeegee
4. Moreover, the robot 10 performs multiple types of op-
erations in accordance with the multiple types of work-
pieces, such as, transporting the screen-printing plate 2,
transporting the container 3, pouring a dye, and perform-
ing a squeegeeing operation using the squeegee 4.
[0015] Here, if the robot has one arm and the type of
an end effector attachable to the arm is limited to one
type, the robot may be incapable of performing the above-
described operations.
[0016] In view of this circumstance, the robotic system
1 according to the embodiment includes a robot 10 in-
cluding multiple arms and end effectors removably at-
tached to the multiple arms, respectively. The robotic sys-
tem 1 causes the robot 10 to perform a predetermined
operation, that is, a printing operation, by replacing at
least one end effector of at least one of the multiple arms
in accordance with a type of a workpiece and causing
the multiple arms to which the end effectors are attached
to perform an operation in accordance with the type of
the workpiece in cooperation with each other.
[0017] Thus, even in the case where the robot 10 has
to perform multiple operations in accordance with multi-
ple types of workpieces, the robot 10 can perform such
operations.
[0018] In some cases, some of the steps of the above-
described printing operation are manually performed. In
these cases, the quality of the printed subjects 21 varies
depending on the technique or the experience of the
workers.
[0019] In the robotic system 1 according to the embod-
iment, steps of the printing operation are performed by
the robot 10, whereby the quality of the printed subjects
21 varies to a lesser extent.
[0020] Now, components included in the robotic sys-
tem 1 will be described below. The robot 10 is arranged
in a work space 6 in which a printing operation is per-
formed. Specifically, the work space 6 is a space defined
by multiple (for example, four) pillars 6a and a ceiling 6b
supported by the pillars 6a. The robot 10 is attached to
the ceiling 6b of the work space 6. In Fig. 1, the pillar 6a
on the near side is omitted for ease of illustration.
[0021] The robot 10 includes multiple (for example,
two) arms 11 and 12. Specifically, the robot 10 is a so-
called ceiling-hung dual-arm robot having a left arm 11
and a right arm 12 respectively attached to left and right
shoulders of a trunk portion 13. Although the robot 10
includes two arms in this example, the number of arms
is not limited to two and the robot 10 may include three
arms or more.
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[0022] The robot 10 is an articulated robot in which
each of the left arm 11 and the right arm 12 includes
multiple articulate axes and actuators (not illustrated) cor-
responding to the articulate axes. The trunk portion 13
of the robot 10 is connected to a base portion 14 with an
actuator, not illustrated, interposer therebetween and is
rotatable around a rotation axis of the actuator.
[0023] Referring to Fig. 5, the rotation axis of each ac-
tuator is described in detail. Fig. 5 simply and schemat-
ically illustrates a configuration of the robot 10 included
in the robotic system 1. In Fig. 5, an illustration of an end
effector is omitted.
[0024] As illustrated in Fig. 5, the base portion 14 and
the trunk portion 13 are connected so as to be rotatable
relative to each other around a rotation axis A0. The ro-
tation axis A0 extends in a direction substantially perpen-
dicular to the ceiling 6b to which the base portion 14 is
attached.
[0025] The trunk portion 13 and the left arm 11 are
connected so as to be rotatable around a rotation axis
A11, while the trunk portion 13 and the right arm 12 are
connected so as to be rotatable around a rotation axis
A1. The rotation axis A1 and the rotation axis A11 extend
in directions perpendicular to the rotation axis A0.
[0026] As described above, each of the left arm 11 and
the right arm 12 is an articulated robot including multiple
articulate axes and includes seven rotation axes (articu-
late axes), including the rotation axis A1 or A11, and ar-
ticulations rotatable around the rotation axes.
[0027] Specifically, a rotation axis A12 of the left arm
11 is perpendicular to the rotation axis A11, a rotation
axis A13 of the left arm 11 is perpendicular to the rotation
axis A12, a rotation axis A14 of the left arm 11 is perpen-
dicular to the rotation axis A13, a rotation axis A15 of the
left arm 11 is perpendicular to the rotation axis A14, a
rotation axis A16 of the left arm 11 is perpendicular to
the rotation axis A15, and a rotation axis A17 of the left
arm 11 is perpendicular to the rotation axis A16. A rotation
axis A2 of the right arm 12 is perpendicular to the rotation
axis A1, a rotation axis A3 of the right arm 12 is perpen-
dicular to the rotation axis A2, a rotation axis A4 of the
right arm 12 is perpendicular to the rotation axis A3, a
rotation axis A5 of the right arm 12 is perpendicular to
the rotation axis A4, a rotation axis A6 of the right arm
12 is perpendicular to the rotation axis A5, and a rotation
axis A7 of the right arm 12 is perpendicular to the rotation
axis A6.
[0028] Here, the word "perpendicular" and the words
such as "horizontal" and "parallel" used in the following
description are not necessarily meant to be precise in
the mathematical sense and comprehend practical tol-
erances or errors.
[0029] Each of the left arm 11 and the right arm 12 has
an arm-side attachment portion 15 at its distal end to
which various types of end effectors are attachable. Al-
though a detailed illustration is omitted, the arm-side at-
tachment portion 15 has multiple retractable convex por-
tions 15a having a substantially hemispheric shape. Spe-

cifically, the convex portions 15a protrude when, for ex-
ample, supplied with air from an air supply source, not
illustrated, whereas the convex portions 15a draw in
when air is not supplied thereto. As described below,
each end-effector-side attachment portion, on the other
hand, has concave portions in which the convex portions
15a can be fitted.
[0030] Thus, an end effector is attached to and fixed
to the arm 11 or 12 when, for example, the convex por-
tions 15a of the arm-side attachment portion 15 protrude
when supplied with air and the convex portions 15a are
fitted in the concave portions of the end-effector-side at-
tachment portion. On the other hand, when air supply is
stopped, the convex portions 15a draw in and the convex
portions 15a and the concave portions become no longer
fitted together. The end effector is thus detached from
the arm 11 or 12.
Replacement of end effectors is facilitated by the above-
described configurations of the arms 11 and 12 and end
effectors.
[0031] The robot 10 then replaces end effectors in ac-
cordance with the types of workpieces in the above-de-
scribed manner and causes the left arm 11, the right arm
12, and end effectors to work in cooperation with one
another so as to perform a printing operation in the work
space 6. The configuration of end effectors and the de-
tails of the printing operation performed by the robot 10
will be described below.
[0032] Referring back to Figs. 1 to 4, the robotic system
1 includes a sliding mechanism 16 that slides the robot
10 along the ceiling 6b. Although not illustrated, the slid-
ing mechanism 16 includes a groove extending in the Y-
axis direction in the ceiling 6b, a rack gear extending in
the Y-axis direction in the groove, a motor embedded in
the base portion 14 of the robot 10, and a pinion gear
mounted on the output shaft of the motor and meshing
with the rack gear.
[0033] When the pinion gear is driven by the motor to
rotate, the robot 10 is caused to slide (move horizontally)
along the ceiling 6b in the Y-axis direction, in which the
rack gear extends. In other words, the robot 10 is linearly
moved in the Y-axis direction.
[0034] As described above, the robot 10 can expand
its operable range by having the sliding mechanism 16.
Thus, even in the case, for example, where the work
space 6 for the printing operation is large in the Y-axis
direction, the robot 10 can reliably and easily perform the
printing operation. Here, a configuration in which rack
and pinion gears are used is described as an example
of the sliding mechanism 16, but the sliding mechanism
16 is not limited to this. The sliding mechanism 16 may
be a mechanism in which the robot 10 slides using, for
example, a pulley and a belt instead of rack and pinion
gears.
[0035] The print workbench 20 is a stand on which the
screen-printing plate 2 is placed and a printing operation
is performed on a subject 21. Fig. 6 is a schematic per-
spective view of the print workbench 20. When viewed
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in a plan, the print workbench 20 is substantially rectan-
gular. The print workbench 20 includes multiple (for ex-
ample, two) rollers 22a and 22b disposed parallel to the
long sides of the rectangular and apart from each other.
A subject 21 that has not been printed is wound around
the roller 22a of the two rollers 22a and 22b, while one
end of the subject 21 wound around the roller 22a is
wound around and fixed to the roller 22b.
[0036] The subject 21 described above is, for example,
cloth. Here, cloth is used as an example of the subject
21 but the subject 21 is not limited to cloth. The subject
21 may be any printable subject such as woven fabrics,
nonwoven fabrics, paper, or films.
[0037] The rollers 22a and 22b are connected to and
driven to rotate by, for example, a motor (not illustrated).
Thus, after a design or the like has been printed on a
portion of the subject 21 between the rollers 22a and 22b
during a squeegeeing operation described below, the
rollers 22a and 22b are rotated in the direction of arrow
A. As the rollers 22a and 22b are rotated, the subject 21
slides in the direction of arrow B and a portion of the
subject 21 that has not been printed is exposed between
the rollers 22a and 22b. The squeegeeing operation is
performed again in this state and the design or the like
is printed. By repeatedly performing this operation, print-
ing on the subject 21 can be performed successively and
efficiently.
[0038] The print workbench 20 also includes multiple
(for example, two) raising-and-lowering units 23a and
23b, on which the screen-printing plate 2 is placed and
which raise and lower the screen-printing plate 2 placed
on them. The raising-and-lowering units 23a and 23b are
arranged parallel to the short sides of the print workbench
20. The raising-and-lowering units 23a and 23b have a
substantially flat shape. The arrangement and the shape
of the raising-and-lowering units 23a and 23b are not
particularly limited to those specified as above and the
raising-and-lowering units 23a and 23b may have other
arrangements or shapes as long as they can support and
raise or lower the screen-printing plate 2.
[0039] The raising-and-lowering units 23a and 23b are
connected to, for example, a motor (not illustrated) and
are driven by the motor so as to be capable of raising
and lowering the screen-printing plate 2 in the direction
of arrow C. The raising-and-lowering units 23a and 23b
are in raising positions while, for example, the screen-
printing plate 2 is being transported thereto and placed
thereon. The raising-and-lowering units 23a and 23b are
in lowering positions while the subject 21 is being printed
using the screen-printing plate 2.
[0040] The raising-and-lowering units 23a and 23b re-
spectively include protrusions 24a and 24b for positioning
the screen-printing plate 2. Specifically, a substantially
cylindrical protrusion 24a is formed at or around the mid-
dle portion of the raising-and-lowering unit 23a, while a
substantially cylindrical protrusion 24b is similarly formed
at or around the middle portion of the raising-and-lower-
ing unit 23b. The protrusions 24a and 24b are formed at

such positions that, for example, the line connecting the
protrusions 24a and 24b together is substantially parallel
to the Y-axis direction.
[0041] The protrusions 24a and 24b may have any ar-
rangements or shapes as long as they are usable for
positioning the screen-printing plate 2. For example, the
protrusions 24a and 24b may be rectangular pillars hav-
ing angular corners.
[0042] Referring now to Fig. 6, the screen-printing plate
2 is described. The screen-printing plate 2 includes an
outer frame 2a and a screen 2b. The outer frame 2a is
made of a material such as aluminum and has a sub-
stantially rectangular shape when viewed in a plan. The
long sides of the outer frame 2a are held by hook portions
of end effectors for holding the screen-printing plate 2,
which will be described below. Thus, the width of the
outer frame 2a in the X-axis direction or the thickness of
the outer frame 2a in the Z-axis direction are set such
that the outer frame 2a can be held by the hook portions.
[0043] The screen 2b is made of fibers such as poly-
ester and has a mesh having a design or a pattern. The
screen 2b is fixed to the inner side of the outer frame 2a
while being stretched. The materials or the shapes of the
outer frame 2a and the screen 2b are only exemplary
and are not meant to be limiting.
[0044] The screen-printing plate 2 has a long hole (ref-
erence portion) 2a1, into which the protrusion 24a can
be inserted, at or around the middle of one short side of
the outer frame 2a of the screen-printing plate 2, specif-
ically, the position corresponding to the position of the
above-described protrusion 24a of the raising-and-low-
ering unit 23a. The long hole 2a1 is formed by cutting
away part of the outer frame 2a. The screen-printing plate
2 also has a through hole (reference portion) 2a2, into
which the protrusion 24b can be inserted, at or around
the middle of the other short side of the outer frame 2a
that is opposite to the short side in which the long hole
2a1 is formed, specifically, the position corresponding to
the position of the above-described protrusion 24a of the
raising-and-lowering unit 23a.
[0045] By inserting the protrusion 24a into the long hole
2a1 of the screen-printing plate 2 and the protrusion 24b
into the through hole 2a2 of the screen-printing plate 2,
the screen-printing plate 2 can be placed on the raising-
and-lowering units 23a and 23b while being accurately
positioned with respect to the raising-and-lowering units
23a and 23b during the operations of transporting the
screen-printing plate 2 and placing the screen-printing
plate 2 on the raising-and-lowering units 23a and 23b.
Furthermore, by lowering the raising-and-lowering units
23a and 23b on which the screen-printing plate 2 is
placed, the position of the screen 2b of the screen-print-
ing plate 2 can be easily matched with the position of the
subject 21 on the print workbench 20. Consequently, the
printing operation can be performed while the design or
the like of the screen 2b is arranged at a desired position
of the subject 21 and thus the quality of the printed subject
21 can be improved.
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[0046] Referring back to Figs. 1 to 4, the screen set
stand 30 is a stand on which the screen-printing plate 2
is placed before being transported to the print workbench
20. Specifically, before the printing operation is per-
formed, the screen-printing plate 2 is placed on the
screen set stand 30 by an operator, not illustrated, for
preparation of the printing operation.
[0047] The squeegee rack 40 is a rack on which the
squeegees 4 stand and is disposed between the screen
set stand 30 and the print workbench 20. Fig. 1 only il-
lustrates the squeegees 4 for ease of illustration.
[0048] Fig. 7 is a schematic perspective view of the
squeegee rack 40. The squeegee rack 40 is formed so
as to allow multiple squeegees 4 to stand thereon. Spe-
cifically, the squeegee rack 40 includes a bottom board
40a and multiple partitioning plates 40b that protrude up-
ward in the vertical direction from the bottom board 40a.
The squeegee rack 40 allows multiples squeegees 4 to
stand thereon by causing each squeegee 4 to be dis-
posed between adjacent partitioning plates 40b.
[0049] Referring now to Fig. 7, the squeegees 4 will be
described. Each squeegee 4 includes a squeegee body
4a and a squeegee gripper 4b attached to the squeegee
body 4a. The squeegee body 4a is made of an elastic
body (for example, rubber) and has a substantially rec-
tangular parallelepiped (plate) shape. The squeegee
gripper 4b is made of a material such as aluminum. The
squeegee gripper 4b has such a shape that the squeegee
gripper 4b can be gripped by a hook portion of an end
effector for squeegees 4, which will be described below,
such as a substantially rectangular parallelepiped (plate)
shape as in the case of the squeegee body 4a.
[0050] The squeegeeing operation is performed by
sliding the squeegee 4 having the above-described con-
figuration over the screen-printing plate 2. Specifically,
firstly, the squeegee 4 is arranged such that the longitu-
dinal direction of the squeegee 4 is parallel to the short
sides of the screen 2b. Then, the squeegee body 4a is
pressed against the screen 2b of the screen-printing plate
2 and moved so as to slide over the screen 2b in the Y-
axis direction.
[0051] Thus, the length of the squeegee 4 in the lon-
gitudinal direction, more specifically, the length of the
squeegee body 4a of the squeegee 4 in the longitudinal
direction is set so as to be shorter than, for example, the
length of the short sides of the screen 2b. The number
of squeegees 4 prepared corresponds to, for example,
the number of colors of dyes used for the printing oper-
ation so as not to mix colors in the squeegeeing opera-
tion. The materials, the shapes, and the numbers of the
squeegee rack 40 and the squeegees 4 are only exem-
plary and not meant to be limiting.
[0052] Referring back to Figs. 1 to 4, the dye-container
stands 50 are stands on which containers 3 containing
printing dyes are placed. As well illustrated in Fig. 4, the
dye-container stands 50 are arranged in the work space
6 so as to sandwich the print workbench 20 from both
sides.

In Fig. 1, the illustration of the dye-container stand 50 on
the near side is omitted for ease of illustration.
[0053] Each dye-container stand 50 has a substantially
rectangular parallelepiped shape and is arranged such
that the longitudinal direction of the dye-container stand
50 is substantially parallel to the Y-axis direction. Multiple
(for example, ten) containers 3 are arranged in line on
each dye-container stand 50 having the above-described
configuration. The shape and the arrangement of the
dye-container stands 50 and the number of containers 3
placed on each dye-container stand 50 are only exem-
plary and not meant to be limiting.
[0054] As described above, each container 3 contains
a printing dye (for example, printing paste). Different con-
tainers 3 contain different colored dyes. In other words,
separate containers are prepared for different colors of
dyes.
[0055] Fig. 8 is a schematic cross sectional view of a
container 3. The container 3 is made of a material such
as plastics and includes a container body 3a and a lid
portion 3b. When viewed in a cross section, the container
body 3a has a concave shape and the diameter of the
container body 3a increases toward an upper side. The
container body 3a contains a dye S. An opening 3a1 is
formed on the upper side of the container body 3a in Fig.
8. The above-described lid portion 3b is removably at-
tached over the opening 3a1. A container-body gripper
3a3 is formed at an upper portion on the outer circum-
ferential surface 3a2 of the container body 3a so as to
protrude sideways. The container-body gripper 3a3 is
gripped by a hook portion of an end effector for containers
3, which will be described below.
[0056] The lid portion 3b has a substantially disc shape
when viewed in a plan (see Fig. 4). A lid knob 3b1, which
is substantially circular when viewed in a plan, is formed
at or around the center of the lid portion 3b so as to pro-
trude upward. The lid knob 3b1 is gripped by a lid hook
portion of an end effector for containers 3, which will be
described below. A hollow 3b2, into which the lid hook
portion can be inserted, is formed around the circumfer-
ence of the lid knob 3b1. The material or the shape of
the container 3 is not limited to those described above.
The container 3 may be made of any material and have
any shape as long as the container 3 can be gripped by
an end effector for containers 3. For example, the con-
tainer may be made of metal and have a rectangular col-
umn shape.
[0057] The vacuum stand 60 is a stand on which a
vacuum (sucking unit) 5 that can suck dyes is placed. As
illustrated in Fig. 4, the vacuum stand 60 is arranged in
the work space 6, specifically, between the print work-
bench 20 and the screen set stand 30. The illustration of
the vacuum stand 60 is omitted in Fig. 1 for ease of illus-
tration.
[0058] Fig. 9 is a schematic side view of the vacuum
stand 60. The vacuum stand 60 has a substantially rec-
tangular parallelepiped shape and vacuum attachment
portions 61, to which the vacuum 5 is removably at-
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tached, are attached to the upper surface of the vacuum
stand 60. Although not illustrated in detail, the vacuum
attachment portions 61 are, for example, multiple pins
that can tightly hold portions near the front end of the
vacuum 5 (a left portion of the vacuum 5 in Fig. 9) and
the rear end of the vacuum 5 (a right portion of the vacuum
5 in Fig. 9) to fix the vacuum 5.
[0059] Referring now to Fig. 9, the vacuum 5 is de-
scribed. The vacuum 5 includes a vacuum body 5a, a
suction port 5b, and a hose 5c. The vacuum body 5a has
a substantially cylindrical shape. The suction port 5b is
connected to the front end of the vacuum body 5a. One
end of the hose 5c is connected to the rear end of the
vacuum body 5a while another end of the hose 5c is
connected to a sucking device (not illustrated) that in-
cludes an intake fan and the like.
[0060] In the operation (to be described below) of re-
moving a surplus dye adhering to, for example, the outer
circumferential surface of the container 3 by sucking the
surplus dye, while the outer circumferential surface of
the container 3 is brought close to the suction port 5b,
the intake fan of the sucking device is driven to rotate
and thus the surplus dye is sucked through the suction
port 5b. The surplus dye thus sucked flows into the suck-
ing device via the vacuum body 5a and the hose 5c. The
sucking device includes a tank, which is not illustrated,
and the surplus dye thus sucked is stored in the tank.
[0061] When the vacuum 5 is placed on the vacuum
stand 60, the vacuum 5 is attached to the vacuum at-
tachment portions 61 such that a front end portion of the
suction port 5b protrudes from a side surface 60a of the
vacuum stand 60 by a predetermined distance E. Thus,
the container 3 can be easily brought close to the suction
port 5b of the vacuum 5 during the removing operation
of sucking the surplus dye and the surplus dye adhering
to the outer circumferential surface of the container 3 can
thus be reliably sucked.
[0062] The vacuum 5 also includes a vacuum handle
(holdable portion) 5d that can be held by a hook portion
of an end effector for squeegees 4, which will be de-
scribed below. Specifically, the vacuum handle 5d has a
substantially rectangular shape when viewed from the
side and protrudes upward from the vacuum body 5a in
Fig. 9. With this configuration, when, for example, the
vacuum handle 5d of the vacuum 5 is gripped by a hook
portion of an end effector and lifted in the direction of
arrow D, the vacuum 5 can be easily detached from the
vacuum attachment portions 61.
[0063] Although the vacuum 5 and the vacuum stand
60 are described as above, the above description is only
exemplary and not meant to be limiting. Specifically, the
vacuum 5 may have any configuration as long as the
vacuum 5 can suck a surplus dye. The vacuum stand 60
may have any configuration as long as the vacuum 5 can
be removably placed on the vacuum stand 60.
[0064] Before describing the robot hand stand 70, de-
scription is given on end effectors, which are replaced
so as to correspond to the types of workpieces, such as

the screen-printing plate 2, the containers 3, and the
squeegees 4. Since all the end effectors according to the
embodiment are hands, the end effectors are also re-
ferred to as "hands" below.
[0065] The robotic system 1 includes multiple (for ex-
ample, three) types of hands that are removably attached
to left and right arms 11 and 12. Specifically, the robotic
system 1 includes screen-printing-plate gripping hands
7 that hold the screen-printing plate 2, container gripping
hands 8L and 8R that mainly hold the containers 3, and
squeegee gripping hands 9 that mainly hold the squee-
gees 9.
[0066] Firstly, the screen-printing-plate gripping hand
7 will be described. Fig. 10 is a schematic side view of
the hand 7 attached to the right arm 12 and Fig. 11 is a
schematic left side view of the hand 7 illustrated in Fig.
10. Although the hand 7 attached to the right arm 12 is
exemplarily described below among the hands 7 at-
tached to the left and right arms 11 and 12, the following
description is also applicable to the hand 7 attached to
the left arm 11 since the left and right hands 7 are sub-
stantially bilaterally symmetrical. In the following descrip-
tion, each hand is described using the expressions such
as the "X-axis direction", the "Y-axis direction", and the
"Z-axis direction". These expressions represent the "X-
axis direction", the "Y-axis direction", and the "Z-axis di-
rection" when the hand is in the position illustrated in the
relative drawings, and are not meant to be limiting.
[0067] As illustrated in Figs. 10 and 11, the hand 7
includes a hand-side attachment portion 7a, a base mem-
ber 7b, a hook portion 7c, and a clamp portion 7d. An
insertion hole 7a1, into which the arm-side attachment
portion 15 is insertable, is formed in the hand-side at-
tachment portion 7a. Concave portions 7a2, in which the
convex portions 15a of the arm-side attachment portion
15 can be fit, are formed in the inner circumferential sur-
face of the hand-side attachment portion 7a defining the
insertion hole 7a1.
[0068] Thus, as described above, when air is supplied
to the convex portions 15a so as to protrude while the
arm-side attachment portion 15 is inserted into the inser-
tion hole 7a1 of the hand-side attachment portion 7a, the
convex portions 15a are fitted in the concave portions
7a2 and thus the hand 7 is attached to the right arm 12.
[0069] The base member 7b has a substantially flat
plate shape and is attached to the surface of the hand-
side attachment portion 7a opposite to the surface to
which the arm-side attachment portion 15 is attached.
The hook portion 7c has a substantially L shape when
viewed from the side and is attached to the base member
7b. Specifically, the hook portion 7c is connected to the
base member 7b. The hook portion 7c includes a first
hook piece 7c1 and multiple (for example, two) second
hook pieces 7c2. The first hook piece 7c1 extends in the
negative Z-axis direction from the bottom surface of the
base member 7b. The second hook pieces 7c2 extend
in the X-axis direction continuous with the lower end of
the first hook piece 7c1 so as to be substantially perpen-
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dicular to the first hook piece 7c1.
[0070] The clamp portion 7d includes an actuator 7d1
and a pressing portion 7d2. The actuator 7d1 is, for ex-
ample, an air cylinder and drives a rod 7d3 when supplied
with air from the right arm 12 of the robot 10.
[0071] Specifically, for example, an air supply port (not
illustrated) is formed in the surface of the arm-side at-
tachment portion 15 of the right arm 12 to which the hand-
side attachment portion 7a is attached. On the other
hand, an air supply pipe (not illustrated), which connects
the air supply port to the actuator 7d1 to supply air, is
disposed in the hand 7. Thus, air ejected from the air
supply port is supplied to the actuator 7d1 via the air
supply pipe. Thus, the actuator 7d1 can move the rod
7d3 in the vertical direction (Z-axis direction), that is, re-
ciprocate the rod 7d3 in the vertical direction in response
to the supply of air or stop of the supply of air.
[0072] The pressing portion 7d2 is connected to an end
of the rod 7d3. The pressing portion 7d2 is made of, for
example, a material having a relatively high coefficient
of friction (for example, an elastic body such as rubber)
and having a substantially rectangular parallelepiped
shape (plate shape). The pressing portion 7d2 is dis-
posed at a position at which at least part of the bottom
surface of the pressing portion 7d2 faces the second hook
pieces 7c2 of the hook portion 7c.
[0073] The hands 7 having the above-described con-
figuration can grip the screen-printing plate 2 as illustrat-
ed in Fig. 12. Fig. 12 is a schematic side view of the hands
7 in the state of gripping the screen-printing plate 2.
[0074] Specifically, while the screen-printing plate 2,
more specifically, the outer frame 2a, is disposed be-
tween the pressing portion 7d2 and the second hook piec-
es 7c2 of the hands 7, the actuators 7d1 are driven to
move the rods 7d3 and the pressing portions 7d2 down-
ward (in the negative Z-axis direction). Thus, the bottom
surface of the outer frame 2a of the screen-printing plate
2 is supported by the second hook pieces 7c2, while the
upper surface of the outer frame 2a is pressed by the
pressing portions 7d2 as a result of the pressing portions
7d2 coming into contact with the upper surface. In this
manner, the hands 7 can tightly grip the screen-printing
plate 2 using the pressing portions 7d2 and the second
hook pieces 7c2.
[0075] Moreover, since the pressing portions 7d2 are
made of a material having a relatively high coefficient of
friction, the pressing portions 7d2 are less likely to fail to
grip the screen-printing plate 2 due to slippage.
[0076] Referring now to Fig. 6, portions of the screen-
printing plate 2 gripped by the hands 7 will be described
in detail. As illustrated in Fig. 6, the screen-printing plate
2 is a relatively large screen-printing plate having long
sides of, for example, approximately 2 m and short sides
of, for example, approximately 1 m. Thus, depending on
the positions of the portions gripped by the hands 7, the
screen-printing plate 2 may lose its balance during, for
example, a transporting operation and may fail to be
transported.

[0077] In view of this, the robotic system 1 according
to the embodiment transports the screen-printing plate 2
while gripping different portions of the screen-printing
plate 2 using multiple hands 7, specifically, gripping dif-
ferent portions on the long sides of the outer frame 2a of
the screen-printing plate 2 (portions encircled with dotted
circles 2a3 in Fig. 6). In addition, the portions 2a3 of the
screen-printing plate 2 gripped by the multiple hands 7
are determined such that the center of gravity G of the
screen-printing plate 2 is positioned between the portions
2a3. Thus, the hands 7 can transport the screen-printing
plate 2 while stably gripping the screen-printing plate 2
and keeping a balance.
[0078] Now, the container gripping hands 8L and 8R
will be described. Fig. 13 is a schematic side view of the
hands 8L and 8R. Fig. 14 is a schematic left side view of
the hand 8R illustrated in Fig. 13. Fig. 15 is a schematic
bottom view of the hand 8L illustrated in Fig. 13. For ease
of understanding, the illustration of the hand 8L is omitted
in Fig. 14 and the illustration of the hand 8R is omitted in
Fig. 15.
[0079] The hand 8R is attached to the right arm 12 and
the hand 8L is attached to the left arm 11. The hands 8L
and 8R are used for performing operations such as an
operation of transporting the containers 3, a dye pouring
operation of turning a container 3 upside down above the
screen-printing plate 2 to pour a dye on the screen-print-
ing plate 2, and an operation of detaching or attaching
the lid portion 3b of the container 3. The hands 8L and
8R have different shapes so as to be usable for perform-
ing the above-described operations.
[0080] Firstly, the hand 8R is described. As illustrated
in Figs. 13 and 14, the hand 8R includes a hand-side
attachment portion 8Ra, a base member 8Rb, an actu-
ator 8Rc, and hook portions 8Rd. The hand-side attach-
ment portion 8Ra has substantially the same configura-
tion as the hand-side attachment portion 7a of the screen-
printing-plate gripping hand 7. Specifically, an insertion
hole 8Ra1, into which the arm-side attachment portion
15 is insertable, is formed in the hand-side attachment
portion 8Ra. Concave portions 8Ra2, into which the con-
vex portions 15a of the arm-side attachment portion 15
can be fit, are formed in the inner circumferential surface
of the hand-side attachment portion 8Ra defining the in-
sertion hole 8Ra1. Since the hand-side attachment por-
tion 8Ra has the above-described configuration, the hand
8R can be easily replaced.
[0081] The base member 8Rb has a substantially flat
plate shape and is attached to the surface of the hand-
side attachment portion 8Ra opposite to the surface to
which the arm-side attachment portion 15 is attached.
The actuator 8Rc is connected to the bottom surface of
the base member 8Rb. The actuator 8Rc is, for example,
an air cylinder and driven when supplied with air from the
right arm 12 of the robot 10 to reciprocate rods 8Re. The
mechanism of driving the actuator 8Rc with air is sub-
stantially the same as in the case of the actuator 7d1 and
the description of the mechanism is thus omitted.
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[0082] As well illustrated in Fig. 14, the rods 8Re are
disposed so as to protrude in the Y-axis direction from
the left and right side surfaces of the actuator 8Rc in Fig.
14. The hand 8R includes multiple (for example, two)
rods 8Re, which are driven by the actuator 8Rc to recip-
rocate in the left and right directions (Y-axis direction) in
Fig. 14.
[0083] The hook portions 8Rd are connected to the
ends of the corresponding rods 8Re. When, for example,
a container 3 is to be turned upside down, the hook por-
tions 8Rd turn the container 3 upside down while gripping
an upper portion of the container 3. Thus, the hook portion
8Rd has a configuration that corresponds to the shape
of a gripped portion, that is, the upper portion, of the con-
tainer 3.
[0084] Each hook portion 8Rd includes first, second,
and third hook pieces 8Rd1, 8Rd2, and 8Rd3. The first
hook piece 8Rd1 has a substantially rectangular paral-
lelepiped shape and is connected to the end of the rod
8Re. As illustrated in Fig. 14, the second hook piece 8Rd2
has such a shape that one end of the second hook piece
8Rd2 is connected to the first hook piece 8Rd1 and an-
other end of the second hook piece 8Rd2 is extended to
a position below the bottom surface of the container-body
gripper 3a3 of the container 3. The third hook piece 8Rd3
is made of, for example, a material having a relatively
high coefficient of friction (for example, an elastic body
such as rubber) and is connected to another end of the
second hook piece 8Rd2.
[0085] Since the hand 8R has the above-described
configuration, the hand 8R can grip an upper portion of
the container 3 as illustrated in Fig. 14. Specifically, while
the container 3 is disposed between a pair of hook por-
tions 8Rd, more specifically, between the third hook piec-
es 8Rd3, the actuator 8Rc is driven so as to reduce the
distance between the third hook pieces 8Rd3 by reducing
the amount by which the rods 8Re protrude. Consequent-
ly, the hand 8R can grip an upper portion of the container
3 using the third hook pieces 8Rd3 of the hook portions
8Rd such that the third hook pieces 8Rd3 are hooked to
the container-body gripper 3a3 at an upper portion of the
container 3. In Fig. 14, the hook portions 8Rd before grip-
ping the container 3 are drawn with imaginary lines.
[0086] Moreover, since the third hook pieces 8Rd3 are
made of a material having a relatively high coefficient of
friction, the third hook pieces 8Rd3 are less likely to fail
to grip the container 3 due to slippage.
[0087] As illustrated in Figs. 13 and 15, the hand 8L,
on the other hand, includes a hand-side attachment por-
tion 8La, a base member 8Lb, an actuator 8Lc, and hook
portions 8Ld. The hand-side attachment portion 8La has
substantially the same configuration as the hand-side at-
tachment portion 7a of the screen-printing-plate gripping
hand 7. Specifically, an insertion hole 8La1, into which
the arm-side attachment portion 15 is insertable, is
formed in the hand-side attachment portion 8La. Con-
cave portions 8La2, in which the convex portions 15a of
the arm-side attachment portion 15 can be fit, are formed

in the inner circumferential surface of the hand-side at-
tachment portion 8La defining the insertion hole 8La1.
Since the hand-side attachment portion 8La has the
above-described configuration, the hand 8L can be easily
replaced.
[0088] The base member 8Lb has a substantially flat
plate shape and is attached to the surface of the hand-
side attachment portion 8La opposite to the surface to
which the arm-side attachment portion 15 is attached.
The actuator 8Lc is connected to the side surface of the
base member 8Lb. The actuator 8Lc is, for example, an
air cylinder and driven when supplied with air from the
left arm 11 of the robot 10 to reciprocate rods 8Le. The
mechanism of driving the actuator 8Lc with air is sub-
stantially the same as in the case of the actuator 7d1 and
the description of the mechanism is thus omitted.
[0089] As well illustrated in Fig. 15, the rods 8Le are
disposed so as to protrude in the Y-axis direction from
the side surfaces of the actuator 8Rc, that is, the upper
and lower surfaces in Fig. 15. The hand 8L includes mul-
tiple (for example, two) rods 8Le, which are driven by the
actuator 8Lc to reciprocate in the upward and downward
directions (Y-axis direction) in Fig. 15.
[0090] Hook portions 8Ld are connected to the ends
of the rods 8Le. When, for example, a container 3 is to
be turned upside down, the hook portions 8Ld turn the
container 3 upside down while gripping a lower portion
of the container 3. Thus, each hook portion 8Ld has a
configuration that corresponds to the shape of a gripped
portion, the lower portion, of the container 3.
[0091] Specifically, each hook portion 8Ld includes
first, second, and third hook pieces 8Ld1, 8Ld2, and
8Ld3. The first hook piece 8Ld1 has a substantially rec-
tangular parallelepiped shape and is connected to the
end of the rod 8Le. As illustrated in Fig. 15, the second
hook piece 8Ld2 has such a shape that one end of the
second hook piece 8Ld2 is connected to the first hook
piece 8Ld1 and another end of the second hook piece
8Ld2 is extended to a position beyond the center line L,
which passes the center (or the center of gravity) 3C of
the container 3 when viewed in a bottom view and is
parallel to the Y-axis direction. The third hook piece 8Ld3
is made of, for example, a material having a relatively
high coefficient of friction (for example, an elastic body
such as rubber) and is connected to another end of the
second hook piece 8Ld2.
[0092] Since the hand 8L has the above-described
configuration, the hand 8L can grip a lower portion of the
container 3 as illustrated in Fig. 15. Specifically, while
the container 3 is disposed between a pair of hook por-
tions 8Ld, more specifically, between the third hook piec-
es 8Ld3, the actuator 8Lc is driven so as to reduce the
distance between the third hook pieces 8Ld3 by reducing
the amount by which the rods 8Le protrude. Consequent-
ly, the hand 8L can grip a lower portion of the container
3 using the third hook pieces 8Ld3 of the hook portions
8Ld. In Fig. 15, the hook portions 8Ld before gripping the
container 3 are drawn with imaginary lines.
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[0093] Moreover, since the third hook pieces 8Ld3 are
made of a material having a relatively high coefficient of
friction, the third hook pieces 8Ld3 are less likely to fail
to grip the container 3 due to slippage.
[0094] Fig. 16 is a schematic side view of the hands
8L and 8R similar to Fig. 13 in the state of turning the
container 3 upside down while gripping the container 3.
As understood from Fig. 13 and Fig. 16 in comparison,
since the hand 8R grips an upper portion of the container
3 and the hand 8L grips a lower portion of the container
3, the container 3 can be tilted at a predetermined angle
(for example, approximately 100°). Thus, the robot 10
can be caused to perform, for example, a dye pouring
operation of pouring a dye S contained in the container
3 on the screen 2b of the screen-printing plate 2.
[0095] As described above, each hook portion 8Rd of
the hand 8R and each hook portion 8Ld of the hand 8L
have different shapes so as to correspond to the shapes
of the portions of the container 3 that the hook portions
8Rd and 8Ld grip. Thus, the container 3 can be turned
upside down while the hands 8R and 8L are reliably grip-
ping the container 3.
[0096] As illustrated in Fig. 13, the hand 8L also in-
cludes lid hook portions 8Lf that grip the lid portion 3b of
the container 3. Fig. 17 is a schematic side view of the
hand 8L in the state of gripping the lid portion 3b of the
container 3. Fig. 18 is a schematic left side view of the
hand 8L illustrated in Fig. 17.
[0097] As illustrated in Figs. 17 and 18, each lid hook
portion 8Lf includes a first lid hook piece 8Lf1 and a sec-
ond lid hook piece 8Lf2. The first lid hook piece 8Lf1 has
such a shape that the first lid hook piece 8Lf1 extends
vertically downward (negative Z-axis direction) from one
end and another end of the first lid hook piece 8Lf1 is
connected to the second hook pieces 8Ld2 of the hook
portion 8Ld. The second lid hook piece 8Lf2 is made of,
for example, a material having a relatively high coefficient
of friction (for example, an elastic body such as rubber)
and is connected to another end of the first lid hook piece
8Lf1.
[0098] Since the hand 8L has the above-described
configuration, the hand 8L can lift the lid portion 3b of the
container 3 while gripping the lid portion 3b as illustrated
in Fig. 18. Specifically, the hand 8L inserts the second
lid hook pieces 8Lf2 of the lid hook portions 8Lf into the
hollow 3b2 and positions the lid knob 3b1 between a pair
of lid hook portions 8Lf, more specifically, between the
second lid hook pieces 8Lf2. In this state, the actuator
8Lc is driven so as to reduce the distance between the
second lid hook pieces 8Lf2 by reducing the amount by
which the rods 8Le protrude. Consequently, the hand 8L
can grip the lid portion 3b using the second lid hook pieces
8Lf2 of the lid hook portions 8Lf. In Fig. 18, the lid hook
portions 8Lf before gripping the lid portion 3b are drawn
with imaginary lines.
[0099] Moreover, since the second lid hook pieces 8Lf2
are made of a material having a relatively high coefficient
of friction, the second lid hook pieces 8Lf2 are less likely

to fail to grip the lid portion 3b due to slippage.
[0100] In addition, since the hands 8L and 8R have the
above-described configurations, the paired hands 8L and
8R can perform multiple types of operations such as grip-
ping and transporting a container 3 using the hand 8R,
gripping and turning the container 3 upside down using
the hands 8L and 8R, and gripping and lifting the lid por-
tion 3b of the container 3 using the hand 8L. These con-
figurations eliminate the need for replacement of hands
when, for example, the operation of detaching the lid por-
tion 3b is switched to the operation of transporting the
container 3, whereby the printing operation can be effi-
ciently performed.
[0101] Now, a squeegee gripping hand 9 will be de-
scribed. Fig. 19 is a schematic side view of the hand 9
and Fig. 20 is a schematic left side view of the hand 9
illustrated in Fig. 19. Among the hands 9 attached to the
left and right arms 11 and 12, the hand 9 for the right arm
12 is described as an example below. However, the fol-
lowing description is also applicable to the hand 9 at-
tached to the left arm 11 since the left and right hands 9
are substantially bilaterally symmetrical.
[0102] The hand 9 includes a hand-side attachment
portion 9a, a base member 9b, an actuator 9c, and a
hook portion 9d. The hand-side attachment portion 9a
has substantially the same configuration as the hand-
side attachment portion 7a of the hand 7 or the like. Spe-
cifically, an insertion hole 9a1, into which the arm-side
attachment portion 15 is insertable, is formed in the hand-
side attachment portion 9a. Concave portions 9a2, in
which the convex portions 15a of the arm-side attach-
ment portion 15 can be fit, are formed in the inner cir-
cumferential surface of the hand-side attachment portion
9a defining the insertion hole 9a1. Since the hand-side
attachment portion 9a has the above-described config-
uration, the hand 9 can be easily replaced.
[0103] The base member 9b has a substantially flat
plate shape and is attached to the surface of the hand-
side attachment portion 9a opposite to the surface to
which the arm-side attachment portion 15 is attached.
The actuator 9c is connected to the bottom surface of
the base member 9b. The actuator 9c is, for example, an
air cylinder and driven when supplied with air from the
right arm 12 to reciprocate rods, not illustrated. The
mechanism of driving the actuator 9c with air is substan-
tially the same as in the case of the actuator 7d1 or the
like and the description of the mechanism is thus omitted.
[0104] Although not illustrated, the rods of the actuator
9c are driven to reciprocate in the left and right directions
(Y-axis direction) in Fig. 20 as in the case of the actuator
8Rc. Hook portions 9d are connected to the respective
rod. The hook portions 9d have a substantially rectangu-
lar parallelepiped shape. The hook portions 9d are con-
figured so as to be capable of gripping the squeegee
gripper 4b of the squeegee 4 using the end portion op-
posite to the end portion connected to the actuator 9c
(that is, the lower end portion in Figs. 19 and 20).
[0105] Since the hand 9 has the above-described con-
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figuration, the hand 9 can grip the squeegee 4 as illus-
trated in Fig. 20. Specifically, while the squeegee 4 is
disposed between a pair of hook portions 9d, the actuator
9c is driven so as to reduce the distance between the
hook portions 9d. Consequently, the hand 9 can grip the
squeegee gripper 4b of the squeegee 4. In Fig. 20, the
hook portions 9d before gripping the squeegee 4 are
drawn with imaginary lines.
[0106] Besides the squeegee 4, the hand 9 also grips
and lifts, for example, a vacuum 5. Fig. 21 is a schematic
left side view of the hand 9, which is similar to Fig. 20, in
the state of gripping the vacuum 5.
[0107] As illustrated in Fig. 21, the hand 9 can lift the
vacuum 5 by gripping the vacuum handle 5d of the vac-
uum 5. Since the operation that the hand 9 performs when
gripping the vacuum 5 is similar to the operation when
gripping the squeegee 4, the description of the operation
is omitted.
[0108] Consequently, the robotic system 1 can perform
operations such as transporting the vacuum 5 to a posi-
tion above the screen-printing plate 2 while the vacuum
handle 5d of the vacuum 5 is gripped by the hands 9 and
removing a surplus dye remaining over the screen-print-
ing plate 2 by sucking the surplus dye with the vacuum 5.
[0109] In addition, since the hands 9 have the above-
described configurations, the hands 9 can perform mul-
tiple types of operations such as transporting the squee-
gee 4, squeegeeing with the squeegee 4, and then suck-
ing a surplus dye remaining over the screen-printing plate
2. This configuration eliminates the need for replacement
of hands when the squeegeeing operation is switched to
the operation of removing a surplus dye remaining over
the screen-printing plate 2 by sucking the surplus dye,
whereby the printing operation can be efficiently per-
formed.
[0110] Referring back to Figs. 1 to 4, the robot hand
stand 70 will be described now. The robot hand stand 70
is a stand on which the hands 7, 8L, 8R, and 9 are placed.
As well illustrated in Figs. 1 and 4, the robot hand stand
70 is arranged in the work space 6, specifically, in a po-
sition adjacent to the print workbench 20. In Figs. 1 to 4,
illustrations of the hands 7, 8L, 8R, and 9 are omitted for
ease of illustration.
[0111] Fig. 22 is a schematic side view of the robot
hand stand 70 and Fig. 23 is a schematic left side view
of the robot hand stand 70 illustrated in Fig. 22. Illustra-
tions of the hands 7, 8L, 8R, and 9 are omitted also in
Fig. 23 for ease of illustration.
[0112] As illustrated in Figs. 22 and 23, the robot hand
stand 70 includes a table portion 72, a backboard portion
73, and hand rest portions 74. The table portion 72 in-
cludes multiple (for example, four) legs 72a and a top
board 72b supported by the legs 72a. The table portion
72 has a substantially rectangular parallelepiped shape.
[0113] The backboard portion 73 extends vertically up-
ward, in other words, in the positive Z-axis direction from
the upper surface of the top board 72b at an end side
72b1 of the top board 72b, which is at the edge in the

short side. The hand rest portions 74 include multiple (for
example, twelve) L-angle brackets. Each L-angle bracket
is connected to the backboard portion 73 so as to pro-
trude from the backboard portion 73 in the horizontal di-
rection (for example, negative Y-axis direction).
[0114] As illustrated in Fig. 22, each hand rest portion
74 is configured so as to support one hand with multiple
(for example, two) L-angle brackets. The hand rest por-
tions 74 are disposed at different levels of the backboard
portion 73 in the Z-axis direction corresponding to differ-
ent hands placed on the hand rest portions 74. Herein-
below, the hand rest portions 74 disposed at the top level
of the backboard portion 73 are referred to as "top hand
rest portions 74a", the hand rest portions 74 disposed
below the top hand rest portions 74a are referred to as
"middle hand rest portions 74b", and the hand rest por-
tions 74 disposed below the middle hand rest portions
74b are referred to as "bottom hand rest portions 74c".
[0115] The top hand rest portions 74a are positioned
near the left and right ends of the backboard portion 73
in Fig. 22. The hands 8L and 8R are placed on the top
hand rest portions 74a. The bottom hand rest portions
74c are positioned near the middle of the backboard por-
tion 73 in Fig. 22. The hands 9 are placed on the bottom
hand rest portions 74c. The middle hand rest portions
74b are each positioned between one top hand rest por-
tion 74a and one bottom hand rest portion 74c in the X-
axis direction. The hands 7 are placed on the middle hand
rest portions 74b.
[0116] In this manner, the hand rest portions 74a, 74b,
and 74c are disposed at different positions in the X-axis
direction. Specifically, in the state where the hands 7, 8L,
8R, and 9 are placed on the corresponding hand rest
portions 74a, 74b, and 74c, the hand rest portions 74a,
74b, and 74c are disposed at different positions such that
at least the hand-side attachment portions 7a, 8La, 8Ra,
and 9a of the hands 7, 8L, 8R, and 9 do not overlap each
other in the X-axis direction.
[0117] In this configuration, the left and right arms 11
and 12 can access, from above the robot hand stand 70,
whichever of the hands are to be attached thereto, where-
by attachment of the hands is facilitated.
[0118] Moreover, in the state where the hands 7, 8L,
8R, and 9 are placed on the corresponding hand rest
portions 74a, 74b, and 74c, the hand rest portions 74a,
74b, and 74c are disposed such that portions of the hands
7, 8L, 8R, and 9 other than the hand-side attachment
portions 7a, 8La, 8Ra, and 9a overlap each other in the
X-axis direction. This configuration can save the space
in the X-axis direction in which the robot hand stand 70
is arranged.
[0119] Even when the hands 7, 8L, 8R, and 9 partially
overlap in the X-axis direction, the arms 11 and 12 to
which the hands 7, 8L, 8R, or 9 are attached do not in-
terfere with other hands if the arms 11 and 12 are con-
trolled so as to move in a direction away from the robot
hand stand 70 after moving a predetermined distance in
the negative Y-axis direction.
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[0120] The positions of the robot hand stand 70 at
which the hands are placed, the order in which the hands
are placed, and other conditions described above are
only exemplary and not meant to be limiting.
[0121] Referring back to Figs. 1 to 4, each dye-con-
tainer scale stand 80 is a stand on which the container
3 is weighed. Each dye-container scale stand 80 is ar-
ranged in the work space 6, specifically, in a position
adjacent to the robot hand stand 70.
[0122] Fig. 24 is a schematic side view of one dye-
container scale stand 80. As illustrated in Fig. 24, the
dye-container scale stand 80 includes a table portion 82
and a scale 83. The table portion 82 includes multiple
(for example, four) legs 82a and a top board 82b sup-
ported by the legs 82a. The table portion 82 has a sub-
stantially rectangular parallelepiped shape. The scale 83
is placed on the upper surface of a top board 82b of the
table portion 82. When a container 3 is placed on the
scale 83, the scale 83 outputs a signal indicating the
weight of the container 3 to the controller 90.
[0123] The above-described dye-container scale
stands 80 are used, for example, to detect the amount
of dye remaining in the container 3 by weighing the con-
tainer 3 using the scale 83, but this is not the only way
to detect the amount of remaining dye. Specifically, as
drawn with imaginary lines in Fig. 24, for example, the
amount of dye remaining in the container 3 may be de-
tected using a sensor attachment portion 84, provided
so as to extend vertically upward from the top board 82b
of the table portion 82, and a photoelectric sensor 85
attached to the sensor attachment portion 84.
[0124] Specifically, the photoelectric sensor 85 in-
cludes a light emitting portion 85a that emits light F and
a light receiving portion 85b that receives the light F emit-
ted by the light emitting portion 85a. The photoelectric
sensor 85 may transmit information on the state of the
light F received by the light receiving portion 85b, spe-
cifically, the state of light representing the amount of dye
remaining in the container 3 to the controller 90 and the
controller 90 may calculate the remaining amount on the
basis of the information. In Fig. 24, the surface of the dye
is drawn with a dotted line.
[0125] The controller 90 will be described now. The
controller 90 is a device that controls operations of the
robotic system 1 and is, for example, a computer. The
controller 90 controls the operations of the robotic system
1 on the basis of data instructed in advance, for example,
operations of arms or hands of the robot 10.
[0126] As illustrated in Fig. 2, the robotic system 1 also
includes imaging units (reference-portion detecting units)
91 that respectively capture images of the long hole 2a1
and the through hole 2a2 of the screen-printing plate 2.
The imaging units 91 are, for example, charge-coupled
device (CCD) cameras and disposed at multiple (for ex-
ample, two) positions.
[0127] The imaging units 91 are positioned above the
positions passed by the long hole 2a1 and the through
hole 2a2 of the screen-printing plate 2 when, for example,

the robot 10 transports the screen-printing plate 2. Spe-
cifically, in the side view of Fig. 2, one imaging unit 91 is
disposed above the space between the screen set stand
30 and the print workbench 20 and another imaging unit
91 is disposed above the dye-container scale stands 80.
Hereinbelow, the imaging unit 91 near the screen set
stand 30 is referred to as a "first imaging unit 91a" and
the imaging unit 91 near the dye-container scale stands
80 is referred to as a "second imaging unit 91b".
[0128] While the robot 10 is performing the operation
of transporting the screen-printing plate 2 from the screen
set stand 30 to the print workbench 20, the first imaging
unit 91a captures an image of the long hole 2a1, posi-
tioned at the trailing end of the screen-printing plate 2 in
the travel direction of the screen-printing plate 2, when
the long hole 2a1 passes immediately below the first im-
aging unit 91a.
[0129] Thereafter, the robot 10 moves the screen-
printing plate 2 in the positive Y-axis direction until the
through hole 2a2 positioned at the leading end of the
screen-printing plate 2 in the travel direction of the
screen-printing plate 2 arrives at the position immediately
below the second imaging unit 91b and then the second
imaging unit 91b captures an image of the through hole
2a2 that passes immediately below the second imaging
unit 91b.
[0130] The first and second imaging units 91a and 91b
transmit image data of the captured images of the long
hole 2a1 and the through hole 2a2 to the controller 90.
The controller 90 analyses the image data transmitted
from the first and second imaging units 91a and 91b and
detects the current position of the screen-printing plate
2. The controller 90 adjusts the position of the screen-
printing plate 2 to a predetermined position on the basis
of the detected current position.
[0131] Specifically, for example, the controller 90 cal-
culates the virtual line that connects the long hole 2a1
and the through hole 2a2 together on the basis of the
image data. The controller 90 controls the operations of
the left and right arms 11 and 12 and the hands 7 such
that the virtual line becomes substantially parallel to the
Y-axis direction and substantially coincides with the po-
sitioning protrusions 24a and 24b on the print workbench
20 in the X-axis direction so as to adjust the position of
the screen-printing plate 2.
[0132] In this manner, the controller 90 can adjust the
position of the screen-printing plate 2 and transport the
screen-printing plate 2 to a predetermined position on
the print workbench 20. The predetermined position here
means, for example, a position at which the positioning
protrusions 24a and 24b reliably fit in the long hole 2a1
and the through hole 2a2 of the screen-printing plate 2.
[0133] Specifically, since the outer frame 2a of the
screen-printing plate 2 is formed by welding rectangular
pillars made of a material such as aluminum together,
the size and other dimensions of the outer frame 2a wide-
ly vary from product to product. Such product-to-product
variation may cause a situation where, when the screen-
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printing plate 2 is transported corresponding to, for ex-
ample, data instructed in advance, the long hole 2a1 and
the through hole 2a2 of the screen-printing plate 2 fail to
fit on the protrusions 24a and 24b or the screen 2b of the
screen-printing plate 2 fails to coincide with the subject
21 on the print workbench 20. In such a case, the printing
operation may be performed at an incorrect position.
[0134] In the robotic system 1 according to the embod-
iment, the long hole 2a1 and the through hole 2a2 of the
screen-printing plate 2 are caused to function as refer-
ence portions used as references during the transporting
operation. The robotic system 1 detects the reference
portions of the screen-printing plate 2 transported by the
hands 7 using the first and second imaging units 91a and
91b. The robotic system 1 then adjusts the position of
the screen-printing plate 2 on the basis of the detected
long hole 2a1 and through hole 2a2, functioning as the
reference portions, and transports the screen-printing
plate 2 to a predetermined position of the print workbench
20.
[0135] With this configuration, a design or the like can
be printed on a subject 21 at a correct position in the
subsequent printing operation, whereby the quality of the
printing operation can be improved. Although the long
hole 2a1 and the through hole 2a2 are used as the ref-
erence portions in the above description, the reference
portions are not limited to these holes. For example, cross
marks or rectangular marks may be used as the reference
portions.
[0136] Referring now to Fig. 25, the operation flow per-
formed by the robotic system 1 will be described now.
Fig. 25 is a flow chart of a series of steps performed by
the robotic system 1 during the printing operation. The
sequence of steps is input by an operator to the controller
90 through a simulator, not illustrated, as instructed data.
The robotic system 1 performs the operations illustrated
in Fig. 25 under the control of the controller 90.
[0137] As illustrated in Fig. 25, firstly, the robotic sys-
tem 1 attaches the screen-printing-plate gripping hands
7 to the left and right arms 11 and 12 (Step S1). Then,
the robotic system 1 performs the transporting operation
including gripping the screen-printing plate 2 placed on
the screen set stand 30 with the hands 7 of the robot 10
and transporting the screen-printing plate 2 to the print
workbench 20 (Step S2). Here, the screen-printing plate
2 is set in advance at a predetermined position on the
screen set stand 30.
[0138] The robotic system 1 then captures images of
the long hole 2a1 and the through hole 2a2 of the screen-
printing plate 2 that is being transported using the first
and second imaging units 91a and 91b and adjusts the
position of the screen-printing plate 2 (Step S3). The ro-
bot 10 then places the screen-printing plate 2 whose po-
sition has been adjusted on the print workbench 20, more
specifically, on the raising-and-lowering units 23a and
23b (Step S4). Here, the raising-and-lowering units 23a
and 23b are in the raised positions, that is, in such posi-
tions that the screen 2b of the screen-printing plate 2 and

the subject 21 of the print workbench 20 are not in contact
with each other.
[0139] Subsequently, the robotic system 1 replaces
the hands 7 attached to the left and right arms 11 and 12
with the container gripping hands 8L and 8R (Step S5)
and performs the dye pouring operation (Step S6). Spe-
cifically, the robot 10 picks up the lid portion 3b of the
container 3 on the dye-container stand 50 using the hand
8L and places the lid portion 3b in a predetermined po-
sition. Then, the robot 10 grips the container 3 on the
dye-container stand 50 using the hand 8R and transports
the container 3 to a position above the screen-printing
plate 2. Here, before transporting the container 3 to a
position above the screen-printing plate 2, the container
3 may be transported to one of the dye-container scale
stands 80 for weighing.
[0140] The robot 10 then grips the container 3 trans-
ported to the position above the screen-printing plate 2
using the hands 8L and 8R and turns the container 3
upside down to pour the dye on the screen-printing plate
2 as illustrated in Fig. 16. Thus, the dye pouring operation
is finished.
[0141] The robot 10 then grips the container 3 with the
hand 8R and brings the container 3 toward the suction
port 5b of the vacuum 5 on the vacuum stand 60. Thus,
the surplus dye adhering to the outer circumferential sur-
face of the container 3 during the dye pouring operation
is removed by being sucked by the vacuum 5 (Step S7).
When the operation of Step S7 is finished, the robot 10
returns the container 3 to the dye-container stand 50 and
the lid portion 3b, placed in the predetermined position,
to the original state with the hand 8L.
[0142] Subsequently, the robotic system 1 replaces
the container gripping hands 8L and 8R attached to the
left and right arms 11 and 12 with the squeegee gripping
hands 9 (Step S8) and performs the squeegeeing oper-
ation (Step S9). Specifically, the robot 10 firstly picks up
a squeegee 4 from the squeegee rack 40 using the hands
9 and transports the squeegee to a position above the
screen-printing plate 2. The robot 10 then slides the
squeegee 4 over the screen 2b of the screen-printing
plate 2 so that the dye poured on the screen 2b during
the dye pouring operation spreads throughout the screen
2b.
[0143] The robotic system 1 then lowers the raising-
and-lowering units 23a and 23b on which the screen-
printing plate 2 is placed to bring the screen 2b of the
screen-printing plate 2 into contact with the subject 21
on the print workbench 20. The robot 10 then grips the
squeegee 4 with the hands 9 and slides the squeegee 4
over the screen 2b of the screen-printing plate 2. Thus,
the squeegeeing operation is finished. Consequently, a
design or the like is printed on the subject 21.
[0144] In this squeegeeing operation, a desired pres-
sure with which the squeegee 4 is pressed against the
screen 2b, a desired angle of the squeegee 4 with respect
to the screen 2b, and other desired parameters are input
in advance by an operator through an input device (for
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example, a touch panel), not illustrated. The data indi-
cating those desired parameters is stored in the controller
90. Thus, when the controller 90 controls the operations
of the left and right arms 11 and 12 and the hands 9 on
the basis of the stored data, the pressure of the squeegee
4 or other parameters can reliably satisfy the desired val-
ues.
[0145] When desired values of parameters, such as
the pressure of the squeegee 4, of different types of the
screen-printing plates 2 are stored in the controller 90,
the controller 90 can control the squeegee 4 such that
the squeegee 4 performs the operation at the pressure
appropriate for each screen-printing plate 2 and other
parameters, whereby the quality of the printed subject
21 can be improved.
[0146] Parameters such as the pressure or the angle
of the squeegee 4 can be immediately and easily adjust-
ed because the parameters such as the pressure or the
angle of the squeegee 4 can be changed by an operator
operating an input device.
[0147] Referring back to Fig. 25, the robot 10 then re-
turns the squeegee 4 to the squeegee rack 40 and pulls
up the vacuum 5 on the vacuum stand 60 using the hands
9 to detach the vacuum 5 from the vacuum stand 60.
Thereafter, the robot 10 grips the vacuum handle 5d with
the hands 9 and transports the vacuum 5 to a position
above the screen-printing plate 2 to remove the surplus
dye remaining over the screen-printing plate 2 by sucking
the surplus dye with the vacuum 5 (Step S10). When the
operation of Step S10 is finished, the robot 10 returns
the vacuum 5 to the vacuum stand 60.
[0148] Subsequently, the robotic system 1 replaces
the squeegee gripping hands 9 attached to the left and
right arms 11 and 12 with the screen-printing-plate grip-
ping hands 7 (Step S11). The robot 10 then grips the
screen-printing plate 2 placed on the print workbench 20
and transports the screen-printing plate 2 to the screen
set stand 30 (Step S12). Thus, the steps of the printing
operation are finished.
[0149] As described above, the robotic system 1 can
perform the printing operation using only the robot 10.
Moreover, performing the printing operation using the ro-
bot 10 can reduce the product-to-product variation in
quality of the printed subject 21.
[0150] As described above, the robotic system 1 ac-
cording to the embodiment causes the robot 10 to per-
form a predetermined operation while the hands attached
to the left and right arms 11 and 12 are replaced in ac-
cordance with the types of workpieces and the left and
right arms 11 and 12 to which the hands are attached
are caused to perform operations in accordance with the
types of workpieces in cooperation with each other. Thus,
the robotic system 1 can cause the robot 10 to perform
appropriate operations even in the case where the robot
10 has to perform multiple different types of operations
in accordance with multiple types of workpieces.
[0151] In the above-described embodiment, when the
hands are to be replaced, both hands attached to the left

and right arms 11 and 12 are replaced. However, this
operation is not the only way of replacing hands. For ex-
ample, only the hand to be attached to one of the left and
right arms 11 and 12 may be replaced.
[0152] Moreover, the printing operation has been de-
scribed thus far as an example of a predetermined op-
eration performed by the robot 10, but the predetermined
operation is not limited to the printing operation. The op-
eration may be another operation as long as the operation
involves different types of operations in accordance with
different types of workpieces.
[0153] Moreover, the hands have been described as
examples of the end effectors, but the end effectors are
not limited to hands. For example, the end effectors may
be, for example, suction portions that suck and transport
workpieces.
[0154] The actuators 7d1, 8Rc, 8Lc, and 9c are de-
scribed as air cylinders for exemplary purposes. The ac-
tuators may be other driving devices such as motors that
are electrically connected to arms to which the devices
are attached and that actuate end effectors.
[0155] The robot 10 is described as a seven-axis robot,
but this is not the only possible configuration. Robots
other than a seven-axis robot, such as a six-axis robot
or eight-axis robot may be used as the robot 10.
[0156] Other effects or modifications may be easily de-
rived by those skilled in the art. Thus, the specific details
or exemplary embodiments described above do not limit
a broader range of the invention. Accordingly, various
modifications may be made without departing from the
spirit or scope of the overall concept of the invention de-
fined by the scope of the appended claims or the equiv-
alents thereof.

Claims

1. A robotic system (1) characterized by comprising:

a robot (10) attached to a ceiling in a work space
and including a plurality of arms (11, 12);
a plurality of end effectors removably attached
to the plurality of arms (11, 12), respectively; and
a controller (90) that causes the robot (10) to
perform a predetermined operation by replacing
at least one end effector attached to at least one
of the plurality of arms in accordance with a type
of a workpiece and causing the plurality of arms
to which the end effectors are attached to per-
form an operation in accordance with the type
of the workpiece in cooperation with each other.

2. The robotic system (1) according to Claim 1, char-
acterized in that
the end effectors are hands (7, 8L, 8R, 9), and
the controller (90) controls operations of the plurality
of arms (11, 12) and the plurality of hands (7, 8L, 8R,
9) such that the workpiece is turned upside down
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using the plurality of hands (7, 8L, 8R, 9) while dif-
ferent portions of the workpiece are gripped with the
plurality of hands (7, 8L, 8R, 9).

3. The robotic system (1) according to Claim 2, char-
acterized in that
the plurality of arms (11, 12) are two arms, and
the plurality of hands (7, 8L, 8R, 9) attached to the
two arms respectively have hook portions having dif-
ferent shapes that correspond to shapes of the por-
tions of the workpiece gripped by the respective
hands (7, 8L, 8R, 9).

4. The robotic system (1) according to Claim 2 or 3,
characterized in that
the predetermined operation is a printing operation
and the workpiece is a container (3) containing a
printing dye, and
the controller (90) causes a dye pouring operation
to be performed, the dye pouring operation including
transporting the container (3) to a position above a
screen-printing plate (2) while gripping the container
(3) with at least one of the plurality of hands (7, 8L,
8R, 9) and turning the container (3) upside down
while gripping the container (3) with the plurality of
hands (7, 8L, 8R, 9) so that the dye contained in the
container (3) is poured on the screen-printing plate
(2).

5. The robotic system (1) according to Claim 4, char-
acterized by further comprising:

a sucking unit (5) that is arranged in the work
space and capable of sucking the dye,
wherein the controller (90) controls operations
of the arms (11, 12) and the plurality of hands
(7, 8L, 8R, 9) so as to, after the dye pouring
operation has been performed, transport the
container (3) to the sucking unit (5) while grip-
ping the container (3) with at least one of the
plurality of hands (7, 8L, 8R, 9) and to remove
a surplus dye adhering to an outer peripheral
surface of the container (3) during the dye pour-
ing operation by sucking the surplus dye with
the sucking unit (5).

6. The robotic system (1) according to Claim 5, char-
acterized in that
the sucking unit (5) includes a holdable portion (5d)
that is holdable with the plurality of hands (7, 8L, 8R,
9), and
the controller (90) controls operations of the arms
(11, 12) and the plurality of hands (7, 8L, 8R, 9) so
as to transport the sucking unit (5) to a position above
the screen-printing plate (2) while gripping the hold-
able portion (5d) using at least one of the plurality of
hands (7, 8L, 8R, 9) and remove a surplus dye on
the screen-printing plate (2) by sucking the surplus

dye with the sucking unit (5).

7. The robotic system (1) according to any one of
Claims 1 to 6, characterized in that
the end effectors are hands (7, 8L, 8R, 9),
the controller (90) controls operations of the arms
(11, 12) and the plurality of hands (7, 8L, 8R, 9) so
as to transport the workpiece while different portions
of the workpiece are gripped by the plurality of hands
(7, 8L, 8R, 9), and
the center of gravity of the workpiece is positioned
between the portions of the workpiece gripped by
the plurality of hands (7, 8L, 8R, 9).

8. The robotic system (1) according to Claim 7, char-
acterized in that
the predetermined operation is a printing operation
and the workpiece is a screen-printing plate (2), and
the controller (90) causes a transporting operation
to be performed such that the screen-printing plate
(2) is transported while being gripped by the plurality
of hands (7, 8L, 8R, 9).

9. The robotic system (1) according to Claim 8, char-
acterized by further comprising:

a reference portion (2a1, 2a2) positioned at a
predetermined position of the screen-printing
plate (2) and functioning as a reference during
the transporting operation; and
a reference-portion detecting unit (91) that de-
tects the reference portion (2a1, 2a2) of the
screen-printing plate (2) transported using the
plurality of hands (7, 8L, 8R, 9),
wherein the controller (90) controls operations
of the arms (11, 12) and the plurality of hands
(7, 8L, 8R, 9) such that the position of the screen-
printing plate (2) is adjusted on the basis of the
reference portion (2a1, 2a2) detected by the ref-
erence-portion detecting unit (91) and such that
the screen-printing plate (2) is transported to a
desired position on a print workbench (20) on
which the printing operation is performed.

10. The robotic system (1) according to any one of
Claims 1 to 9, characterized in that
the end effectors are hands (7, 8L, 8R, 9), and
the controller (90) controls operations of the arms
(11, 12) and the plurality of hands (7, 8L, 8R, 9) such
that the workpiece slide over an object while the
workpiece is gripped by the plurality of hands (7, 8L,
8R, 9).

11. The robotic system (1) according to Claim 10, char-
acterized in that
the predetermined operation is a printing operation,
the workpiece is a squeegee (4), and the object is a
screen-printing plate (21), and
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the controller (90) causes a squeegeeing operation
to be performed such that the squeegee (4) slide
over the screen-printing plate (21) while being
gripped by the plurality of hands (7, 8L, 8R, 9).

12. The robotic system (1) according to any one of
Claims 1 to 11, characterized by comprising a slid-
ing mechanism (16) that causes the robot (10) to
slide along the ceiling.
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